It is well known that the renal renin-angiotensin system (RAS) is involved in the control of blood pressure (DAVIS and FREEMAN, 1976) . Classically, renin, a trigger enzyme in the RAS, is secreted from juxtaglomerular cells located at the site of the glomerular vascular pole in the kidney and changes liver derived angiotensinogen in blood circulation into angiotensin I. Angiotensin I is metabolized by the angiotensin-converting enzyme (ACE) localized in the lung into angiotensin II, which is the most effective hormone regulating the contraction of vascular smooth muscle.
Recently, all or part of components concerning the RAS have been reported to be synthesized and secreted outside of classical organs or tissues (DESCHEPPER and GANONG,1988) . This extrarenal or local renin has been demonstrated by immunohistochemical or molecular biological techniques in the pituitary and pineal glands (HAULICA et al., 1975; INAGAMI et al., 1980; McKENZIE et al., 1985) , submandibular glands (GRESIK et al., 1980; MISONO et al., 1983) , adrenal glands (NARUSE et al., 1984; MIZUNO et al., 1988; KoN et al., 1991) , testes (PARMENTIER et a1.,1983; SEALEY et al., 1988) , ovary (Do et al., 1988; PALUMBO et al., 1989) , uterus (FERRIS et al., 1967; HACKENTHAL et al., 1980) , oviduct (ESKILDSEN,1972) and placenta (POIsNER et al., 1981; PINET et al., 1988) . The functions and roles of these local renin are not well known. Renin from the coagulating gland, one of male accessory sex glands and the most recently described local renin, has a yet undetermined functional role (FABIAN et al., 1989) . However, it has been emphasized that the renin expression in the coagulating glands is significant because large amount of both mRNA and protein can be detected in this organ (KON et al., 1992a; FABIAN et al., 1993) .
In the present review, the author shows the existence of local RAS in multiple organs and discusses especially the function of coagulating gland renin, which the author is at present investigating.
HISTORY OF RENIN-ANGIOTENSIN SYSTEM
The initial discovery of the renin-angiotensin system dates back to the latter half of the 19th century. The relationship between the kidney and hypertension was confirmed by TIGERSTEDT and BERGMANN (1898) , who reported the production of hypertension in rabbits with injections of homogenized kidney extracts and termed this active factor "renin". The histological first step of renin-containing cells in the kidney, better known as juxtaglomerular cells, started from the demonstration by RUYTER (1925) , who observed them in the wall of the afferent arteriole and speculated that they were specialized smooth muscle cells containing intracellular granules. Later, GOORMAGHTIGH (1939) postulated that these cells were the source of renin. These hypotheses have been electron microscopically confirmed by the findings on the ultrastructures of smooth muscle cells and secreting cells in many studies (BARAJAS, 1979; TAUGNER et al., 1984) . In addition, renin has been confirmed to be localized in the secretory granules of the juxtaglomerular cells by immunofluorescence, and to be extracted directly from these cells (EDELMAN and HARTROFT,1961; HARTROFT and HARTROFT, 1961 ; MURAKAMI and INAGAMI,1975) .
On the other hand, angiotensinogen, first termed angiotonin or hypertensinogen, was postulated as the nonsubstitutable plasma substrate of renin by BRAUN-MENEDEZ and coworkers (1940) . PLENTL and co-workers (1943) demonstrated its hepatic origin and the presence of the a2-globulin fraction of the plasma protein. The vasoconstrictive substance resulting from renin triggering on plasma was not angiotensinogen itself, but was first separated by SKEGGS et al. (1954a) into two pure components, known as angiotensin I and II. The existence of a plasma factor, ACE, which converts angiotensin I to angiotensin II, was also demonstrated by this same group (SKEGGS et al., 1954b) . ACE exists in the peripheral vasculature, in proximal renal tubular cells, and in the vascular endothelium of the lung, where it is thought to be the major part of angiotensin I activation. Recently, several biological activities of angiotensin II have suggested the existence of two major angiotensin II receptor subtypes, designated AT1 and AT2 (WONG et al., 1990 , TIMMERMANS et al., 1991 .
CIRCULATING RENIN-ANGIOTENSIN SYSTEM
The juxtaglomerular apparatus known as a functional unit of renin regulation, which is located histologically at the hilus of the glomerulus and consists of tubular and vascular elements, was first described by LATTA and MAUNSBACH (1962) . The tubular element includes the macula densa, which closely contacts the glomerular vascular pole and contains nuclei packed together (ZIMMERMANN, 1933) . The vascular element of the juxtraglomerular apparatus is the afferent and efferent arterioles, where the juxtaglomerular cells are scattered or gathered at the wall of tunica media, and the extraglomerular mesangium, which is similar and continues with the intraglomerular mesangium (BARAJAS, 1979) . The above definition and compartmentalization correspond generelly to the mammalian juxtaglomerular apparatus. Comparative studies of the juxtaglomerular apparatus including renin-immunohistochemistry have been reported by the author (K0N et al., 1984, 1986a, b, 1987, 1988, 1994) (Fig. 1) . The granules of juxtaglomerular cells can be observed in light microscopic preparations stained not only by PAS, Bowie and trichrome, but also by hematoxylin-eosin, at least in the mouse kidney. The most characteristic ultrastructural feature of the juxtaglomerular cells is the presence of membrane-bound granules in the cytoplasm (BARAJAS, 1966; BIAVA,1967; PETER, 1976) .
In human juxtaglomerular cells, preprorenin composed of 406 amino acid redidues is synthesized at the rough endoplasmic reticulum by renin mRNA, and cleaved at the Golgi apparatus or cytoplasm by signal peptidase into a pre-segment composed of 23 amino acids and prorenin, which is known as inactive renin (Fig. 2) . Part of the prorenin in the Golgi apparatus or immature protogranules are cleaved by peptidasesfor example cathepsin B-into the pro-segment composed of 43 amino acids and the active renin. Inactive prorenin is thought to be released by a constitutive pathway or diacrine secretion, while active renin is released by a regulated pathway, observed morpho- Fig. 1 . Immuno-electron micrographs for renin in several vertebrate kidneys. All samples were fixed with 2% glutaraldehyde and 2% paraformaldehyde mixture. Rabbit anti-mouse submandibular gland renin antiserum and colloidal gold particles (diameter of 15 nm) conjugated with protein A were used for detection. a. Mouse kidney embedded in Lowicryl K4M resin. Renin-containing cells (RC) showing epithelioid contours are restricted to the vascular pole of glomerulus and separated from vascular lumen by thin endothelial cells (EC). x 8,300. b. Goat kidney embedded in Epon 812 resin. They (RC) are widely distributed along the afferent arterioles and the interlobular arteries, and located at the outermost point of the muscular layer (SM). EC endothelial cell. x 5,900. C. Chicken kidney embedded in LR White resin. Many renin-containing cells (RC) exist in the intraglomerular mesangial region. Ms mesangial cell. x 7,400. d. Carp kidney embedded in Lowicryl K4M resin. The cells (RC) are distributed widely along the arterioles and the small arteries, but they are separated from vascular lumen by thin endothelial cells (EC). x 14,000 logically as exocytosis (Fig. 3 ). This biochemical processing corresponds well with ultrastructural findings (PETER, 1976; TAUGNER et al., 1987; BERKA et al., 1992; KoN et al., 1992b; OGAWA et al., 1995) . In molecular biology, human, rat, and mouse renin genes have been cloned (HARDIMAN et al., 1984; HOBART et al., 1984; BURNHAM et al., 1987) . A single renin locus has been identified in humans and rats. In the mouse, certain strains that produce low amounts of renin in the submandibular gland (for example, C57BL/6) have a single renin locus (Ren-1), whereas other strains that contain high submandibular gland renin activity (for example, DBA/2) have a duplication of the renin structual gene (Ren-1, Ren-2) (PIccINI et al., 1983; SIGMUND and GROSS, 1991) .
Active renin released into blood circulation cleaves angiotensinogen produced at liver into angiotensin I, the decapeptide which is converted into angiotensin II, the major active compound. Although it is difficult to demonstrate angiotensinogen in hepatocytes by immunohistochemistry and to have it found by both in situ hybridization and northern blot analysis, immunohistochemical detection of angiotensinogen has been successfully reported by a few investigators, who treated the rat with bilateral nephrectomy or colchicin injections (MORRIS et al., 1979; RICHoUx et al., 1983; CAMPBELL and HABENER, 1987; GAILLARD-SANCHEZ et al., 1990) . Angiotensinogen in human liver is synthesized as a precursor composed of 485 amino acid residures, cleaved into signal peptide composed of 33 amino acid residues and glycosylated angiotensinogen, and then immediately released by a possibly constitutive pathway (DOOLITTLE, 1983; CLAUSER et al., 1989) . Because of the large size of the angiotensinogen molecule compared with the decapeptide, angiotensin I, it has been hypothesized that angiotensinogen may have additional functions, particularly in the case of inflammation (HOJ-NIELSEN and KNUDSEN,1987) . ACE is a dipeptidyl carboxypeptidase that converts angiotensin I to the real vasoconstrictor angiotensin II and inactivates the vasodilator bradykinin in the kallikrein-kinin system. ACE, which exists as both a membrane-bound and soluble type, has been extensively characterized, purified from several sources, including serum, lung, seminal fluid and plasma (OPARIL, 1983) , and subtyped into two isozymes, somatic ACE and testicular ACE (POLSKY-CYNKIN and FANBURG, 1979; EL-DORRY et al., 1982; BERG et al., 1986) . The main actions of angiotensin II can be divided into: 1) a direct smooth muscle contraction particularly of arterioles, 2) a central action of the nervous system with reflex stimulation of the sympathetic nerves leading to vasoconstriction, 3) an important action in the drinking reflex with a suggestion of a reference of sodium (FITZSIMONS and KUCHARCZYK, 1978) . For adrenal, the release of aldosterone is major physiological action, in other species, this is the release of adrenaline from the medulla (NATARAJAN et al., 1988; MARLEY et al., 1989) .
Recently, cDNAs for the AT1 receptor have been cloned in bovine (SASAKI et al., 1991) , rat (MURPHY et al., 1991; IwAI et al., 1991) , human (FURUTA et al., 1992; TAKAYANAGI et al., 1992) , mouse (YOSHIDA et al., 1992; SASAMURA et al., 1992; ELTON et al., 1992) , porcine (ITAZAKI et al., 1993) , and rabbit (BURNS et al., 1993) tissues. The AT1 receptor is a member of the seven-transmembrane, G protein-coupled receptor family. Furthemore, two AT1 receptor subtypes have been isolated in the rat and mouse from vascular smooth muscle and adrenal gland: AT1A and AT1B (IwAI and INAGAMI, 1992; KAKER et al., 1992a, b; SANDBERG et al., 1992) . In the rat, AT1 is expressed in the liver, heart, brain, lung, anterior pituitary, adrenal gland, and kidney (GASC et al., 1994) . The expression of AT2 has been reported to be expressed at high levels in the fetal brain, but is only sparsely expressed in adult animals (NAKAJIMA et al., 1993) . (FIELD et al., 1984; CAMPBELL and HABENER,1986; DESCHEPPER et al., 1986b; OHKUDO et al., 1986; DZAU et al., 1987) (Table 1) . As a result, the concept of the RAS as a circulating endocrine system alone is in question. The (DZAU et al., 1986; SUZUKI et al., 1988) . In the cellular localization of renin products, the immunohistochemical demonstration of renin in neurons of the hypothalamic paraand periventricular nuclei and the supraoptic nucleus, as well as in the Purkinje cells of the cerebellar cortex has been reported (FUxE et al.,1980; CALZA et al., 1982) . Angiotensinogen mRNA has been exclusively detected in astroglial cells (STORNETTA et al., 1988; BUNNEMANN et al., 1992) , whereas the product itself has been demonstrated in both astrocytes and neurons (DESCHEPPER et al., 1986a; IMBODEN et al., 1987; THOMAS and SERNIA,1988) . Thus, it has been suggested that neuronal angiotensinogen may be taken up endocytotically by certain nerve cells after its release from glial cells. Angiotensin II seems to be located exclusively in nerve cells (FUxE et al., 1976; LIND et al., 1984 LIND et al., , 1985 . The functional role of the brain RAS may be in interacting with other neurotransmitter systems and thereby influencing processes such as learning and memory via a paracrine mechanism (BUNNEMANN et al., 1993) .
Pituitary RAS
Renin has been detected in the anterior pituitaries including those of the rat, bovine, swine, rabbit, and human, where renin displays biochemical and immunological properties similar to renal renin (HIROsE et al., 1982; MUKAI et al., 1984; MizuNo et al., 1985) . An in situ hybridization technique has evidenced renin mRNA in the rat pituitary (DESCHEPPER et al., 1986b) . In rat gonadotrops renin has been colocalized with angiotensin II and ACE (K. NARu5E et al., 1981 (K. NARu5E et al., , 1986 PLATIA et al., 1985) . Although some cells of unknown types-different from gonadotrophs-contain angiotensinogen immunoreactivity, the synthesis of angiotensiogen mRNA has not been detected, or only at very low levels (CAMPBELL and HABENER, 1986; LYNCH et al., 1986; HELLMANN et al., 1988) . The presence of ATl receptors on lactotrophs and corticotrophs (HAUGER et al., 1982; KAKAR et al., 1992a, b; GAsc et al., 1994) correlates with the fact that addition of angiotensin II to rat pituitary tissue in vitro causes an increased release of prolactin and the adrenocorticotropic hormone (ACTH) (STEELE et al., 1981; GANONG, 1989) . Evidence for the colocalization of angiotensin II with the same secretory granules of prolactin and ACTH suggests that angiotensin II is a stimulating factor for the release of prolactin and ACTH via an autocrine pathway (STEELE et al., 1981; GAILLARD et al., 1981) .
Ocular RAS
All recognized RAS components have been identified in the eye (KOHNER, 1992) . Angiotensinogen immunoreactivity, as well as prorenin and ACE, is present selectively in the cytoplasm of the nonpigmented ciliary epithelium, and more prominently in the pars plana than in the pars plicata (IGIc and KojIvic,1980; SRAMEK et al., 1988 SRAMEK et al., , 1992 . The function of an ocular RAS is not yet known well. Because AT receptors have been detected in retinal blood vessels (FERRARI-DILEO et al., 1987) , a role for the RAS in the regulation of the retinal vascular tone is also conceivable (RocKwooD et al., 1987) . Its activation in the eye of diabetic subjects with proliferative retinopathy suggests that angiotensin II generated in the ocular tissues plays some important roles for the development of neovascularization (DANSER et al., 1994) .
Cardiac and vascular RAS
Renin is found in the heart and endothelial cells, although debate remains whether renin is produced locally at detectable levels (MOLTENI et al., 1984; DZAU and RE, 1987, 1994; VON LULLEROTTI et al., 1994) . Renin-like activity has been documented previously in the vascular walls, which may represent uptake from the circulation (THURSTON et al., 1979) . In human tissues, angiotensinogen and ACE are shown to be expressed in heart and vascular walls (PAUL et al., 1993) . Thus, it has now been established that all components are met for the local production of angiotensin II, by locally formed angiotensinogen and ACE as well as renin. In a model of aortic banding, both ACE activity and its mRNA were increased in the hypertrophied ventricle (SCHUNKERT et al., 1990) . In the rat model of myocardial infarction, ACE activity is increased in the non-infarcted region, and angiotensinogen expression is increased (HIRscH et al., 1991; LINDPAINTNER et al., 1993; PINTO et al., 1993) . Moreover, AT receptors seem to be increased after myocardial infraction (MEGGS et al., 1993) . All the above evidence is characterized by the fact that it provides associative data on the relation between an activated local RAS and cardiac hypertrophy. Renin or renin-like activity has been found in the adrenal glands of mice (NARUSE et al., 1984) , rats (M. NARUSE et al., 1981; NARUSE and INAGAMI, 1982; URATA et al., 1988) , humans (NARUSE et al., 1983) , and bovines (RYAN, 1972) . Renin and its mRNA also have been located in the zona glomerulosa of the rat adrenal by immunocytochemisty and in situ hybridization (DESCHEPPER et al., 1986b) . In the mouse fetus, the expression of renin mRNA and its products reach a maximum at 15.5-16.0 days during the embryonic period, but decline to undetectable levels or very low levels by birth (JoNEs et al., 1990; K0N et al., 1990 (Fig. 4) . Angiotensinogen mRNA has been detected by northern blot analysis, although the cell type producing it is still unknown (CAMPBELL and HABENER, 1986) . ACE has been found in the capsule rather than in the cells of the zona glomerulosa themselves in the rat (STRITTMATTER et al., 1986) . In addition, the AT1A receptor mRNA in the rat is detected in the zona glomerulosa and medulla, and AT1B in the glomerulosa (GAsc et al., 1994) . These local syntheses of all components concerning RAS suggest the existence of an independent homeostasis regulating hydromineral balance and blood pressure as well as the production of aldosterone via paracrine fashion. Especially in developing stages, expressional dynamics of adrenal renin may play an important role for cortical cell maturation.
Intrarenal RAS
The availability of specific antisera and sensitive immunocytochemical methods has permitted the demonstration of the localization for renin (TAUGNER et al., 1979) , ACE (CALDWELL et al., 1976; TAUGNER and GANTEN, 1982) , angiotensin I, angiotensin II (TAUGNER and HACKENTHAL, 1981; CELIO and INAGAMI, 1981) and angiotensinogen (DARBY et al., 1994) in kidney tissue. ACE is found in the endothelium of renal arterioles and glomerular capillaries, and the surface of proximal tubular cells. Renin, angiotensin I and II have been shown to coexist within the juxtaglomerular cells of the media of the afferent arterioles. Angiotensinogen is found in the cells of the proximal convoluted tubules. In addition, mRNAs of renin, ACE and angiotensinogen have been identified with the above cells. In the rat, AT1A receptor mRNA has been detected in mesangial and juxtaglomerular cells, proximal tubules, vasa recta, and interstitial cells, while AT1B has also been detected in mesangial and juxtaglomerular cells and in the renal pelvis (GAsc et al., 1994) . Recently, evidence that the renal proximal tubules may produce renin has been reported in a molecular biological study (MoE et al., 1993) . These findings support assumptions about angiotensin II generation and its possible function by intrarenal RAS.
Ontogenetically, renal renins show dramatic dynamics in histological investigations.
In my observations, renin-containing cells of the mouse embryo were first observed on the 13th day of gestation at the walls of the renal, the mesonephric, the abdominal arteries, the adrenal glands and the testis (K0N et al., 1989) . On day 16, the most intensive immunoreactivities were observed in the walls of the interlobar arteries in the kidney, where almost all of the cells composing the tunica media showed immunoreactivity. As the gestation of the mouse progressed, the renin-containing cells exhibited a tendency to localize in areas of the vascular pole of the metanephric glomerulus. These facts suggest not only that renin in developing stages plays an important role in the formation of kidney tissue, but also that renin expression may serve as a marker for the development of the renal vasculature.
Testicular RAS
Immunohistochemical staining for renin is restricted to Leydig cells of the rat testis (PARMENTIER et al., 1983) . Stainability is suppressed or abolished by hypophysectomy and estrogen treatment and is reduced by gonadotropin stimulation. It is concluded that Leydig cells contain a pituitary-dependent renin-like substance. In addition, Leydig cells purified from rat have been shown to contain ACE, angiotensin I, II and III (PANDEY et al., 1984) . The fact that all components of RAS are found in Leydig cells suggests that angiotensin II is processed intracellularly via an autocrine pathway of renin. In germinal cells, angiotensin II is found at significant level; however, in some studies, ACE products and its mRNA, as well as the AT1 receptor, have been reported to exist in spermatids presenting acrosome (PAXTON et al., 1993 , SIBONY et al., 1994 . In angiotensinogen, mRNA cannot be detected in rat and human testes, whereas it is present together with renin mRNA in the mouse testis (CAMPBELL and HABENER, 1986; DZAU et al., 1987; SEALEY et al., 1988) . The function of testicular RAS is still unclear, but the facts that angiotensin II has been shown to stimulate prostaglandin synthesis in several organs (MCGIFF et al., 1970; NEEDLEMAN et al., 1975) , and that prostaglandin have been shown to stimulate steroidogenesis in the adrenal gland (SARUTA and KAPLAN, 1972) , may affect steroidogenesis through prostaglandin formation in Leydig cells. Recently, it has been reported in the rat that lipopolysaccharide stimulates the synthesis of angiotensinogen mRNA in hepatic, cardiac, renal, adrenal, and testicular tissues, but not in the brain (KLETT et al., 1993) . It has been proposed that angiotensinogen is an acute phase protein in a certain acute inflammation.
Ovarian RAS
In the rat ovary, all the components of the RAS, including renin, angiotensinogen, ACE, angiotensin II and AT receptors have now been identified (OHKUBo et al., 1986; HUSAIN et al., 1987; HOWARD et al., 1988; SPETH and HUSAIN, 1988; THOMAS and SERNIA,1990) . In the estrous cycle of the rat ovary, active renin, ACE, and AT receptors are at high levels during the estrus phase. It has been reported that ovarian renin gene expression is regulated by a follicle-stimulating hormone produced by the pituitary (KIM et al., 1987) . In the pregnant rat ovary, AT receptors and active and inactive renin are highest during early and midpregnancy, and lowest at late pregnancy. Postpartum ovarian active and inactive renins are elevated on days 2 and decreased by day 3, while ACE is unchanged over time during the perinatal period in rat (HOWARD and HUSAIN, 1992) . In the normal human ovary, a major site of renin and angiotensin II storage has been shown by immunocytochemistry to be the theca interna cells, stromal cells and luteal cells, as well as theca and granulosa cells in preovulatory and atretic follicles (Do et al.,1988; PALUMBO et al., 1989) . In polycystic ovarian disease, the large cystic follicles present intense immunostaining for renin and angiotensin II in both theca and granulosa cells (PALUMBO et al., 1993) . Angiotensinogen is present in the granulosa cells of maturing follicles, and to a lesser extent in those undergoing atresia (THOMAS and SERNIA, 1990) . Ovarian AT receptors are found at a variety of sites including follicles, the germinal epithelium, interstitium, and corpora lutea, but the majority of the receptors in cycling rats are found on the granulosa cells of atretic follicles (HUSAIN et al., 1987; DAUD et al., 1988; SPETH and HUSAIN, 1988) . The functions of the ovarian RAS are not yet clear, but the localization of AT receptors and ACE to several ovarian sites suggests the possibility of a role for angiotensin II in atresia. In nonf ollicular areas of the ovary, AT receptors may be important in regulating stromal cell, interstitial cell, neuronal, or vascular function.
Placental RAS
Conclusive evidence exists documenting the presence of a functional RAS in human placental tissue and fetal membranes (WILKES et al., 1985) . The endometrium of the nonpregnant uterus and decidual tissues of the gravid uterus are considered major nonrenal sites of synthesis for prorenin (HSUEH,1988; SHAW et al., 1989) . Although immunostaining for renin has been found in the placental syncytiotrophoblast, the amniotic epithelium overlying the placenta, and in glandular epithelial cells present in the decidua adhering to the fetal membranes (HANSSENS et al., 1995) , this may be cathepsin D or a substance related to both cathepsin D and renin, because of the antibodies used showing a high affinity cross-reactivity with cathepsin D. Human chorionic cells in culture secrete renin (ACKER et al., 1982) , and renin mRNA is found in chorion, whereas angiotensinogen mRNA is not detected in chorion, amnion, or the placenta (IHARA et al., 1987) . Angiotensinogen is immunohistochemically detected in human decidua and placentae (METSARINNE et al., 1990) . These results may reflect concentrations below the detection limit of the assay or the absence of angiotensinogen mRNA, which would indicate the uptake of blood angiotensinogen into decidual and placental cells for the local generation of angiotensin I. The presence of ACE in amniotic fluid and placental tissue (YASUI et al., 1984; SIM and SENG, 1984) , as well as placental AT receptors have been described (WILKES et al., 1985) . Thus, angiotensin II might participate in the control of placental blood flow and function.
Other putative tissues for local RAS Murine macrophages and monocytes have been reported to contain renin-like activity and angiotensin, but there is no evidence for renin gene expression in these cells (DEZSO et al., 1988 (DEZSO et al., , 1989 . As murine macrophages also have receptors for angiotensin II, there is a potential role for a certain autocrine mechanism in these macrophages (JOHNS et al., 1990; POISNER et al., 1994) . Submandibular gland renin is the only well-known model of exocrine gland renins. Differences in renin expression in this tissue of different mouse strains have been demonstrated by molecular biological analysis, as mentioned in "Circulating RAS" (MASUDA et al., 1982; PANTHIER and ROUGEON, 1983; FIELD and GROSS, 1985) . In contrast to mice, there is no detectable renin gene expression in the rat submandibular gland (TRONIK et al., 1988) . The responses to renin and angiotensin in submandibular gland paralleling those of androgen, estrogen, or gonadotropic hormones have suggested that the local RAS plays a role in mediating or modulating these hormonal functions (PRATT et al., 1984; MCGOWAN et al., 1988) . Although the real physiological function of submandibular gland renin is not entirely understood, it may be that renin can be released in bipolar direction, the circulation and oral circumstances (MENZIE et al., 1974; PENSCHOW and COGHLAN, 1993) .
In the rat liver, the main source of angiotensinogen, the expression of the renin gene has been reported (FUKAMIZU et al., 1993) . In my unpublished data, hepatic renin was localized immunohistochemically at the hepatocytes of the rat without any granular formation. The existence of local RAS in the liver has revealed the direct synthesis of angiotensin II via an autocrine or paracrine function.
Coagulating gland renin
During the past few years, extrarenal renin has been found in mouse coagulating glands, which are located adjacent to the medial side of the seminal vesicles (KON et al., 1992a (KON et al., , 1995a (KON et al., , b, 1996 KON and ENDOH, 1996) (Fig. 5) . In this section, the author shall describe the morphological details of the coagulating gland including renin expression, and discuss its possible function concerning the exocrine mechanism.
Because the structure of the coagulating gland in the mouse is composed of a single columnar or cuboidal epithelium and is ductal rather than acinar, the large dilated tubules located near the seminal vesicle and longitudinally along the seminal vesicle are identified as a main duct. In contrast, the small tubules that are crossed or obliquely sectioned by longitudinal sections along the seminal vesicle and distributed to peripheral areas of the gland are identified as terminal ducts (SUGIMURA et al., 1986; HAYASHI et al., 1991; KON et al., 1995a) . The epithelial cells in terminal ducts are composed of large, oval nuclei containing one or two distinct nucleoli. In the supranuclear region, the Golgi apparatus -divided into 3 or more areas-is well-developed, and immature exocrine secretory granules are also found. As a result, rough endoplasmic reticulum with large dilated cisternae are plentiful in the basal region (CHOW and PANG, 1989; K0N et al., 1992a; HOLTERHUS et al., 1993) . Many exocrine secretory granules measuring about 600 nm in diameter and containing an electron dense core can be demonstrated in the apical region of cells. Additionally, many electron dense lysosomal granules distinct from the exocrine granules and varying in morphological content are observed, especially in the lateral and basal regions of epithelial cells. Crystalline structures have been demonstrated in these granules (K0N et al., 1992a) . It is generally known that the crystalline structures found in the cells/tissues are due to the condensation packing of purely protein materials without modification by other materials (FAWCETT,1981) . Immunoreactive deposits of renin are localized in the basolateral granules of the epithelial cell lines, as well as surface membrane and luminal extracts. In the Northern blot analysis using Ren-1 cDNA, signals have been detected in the coagulating glands of C57BL/6 mice ( K0N et al., 1992a; K0N and ENDOH, 1996) . A survey of serial sections using immunohistochemistry and in situ hybridization revealed positive signals in the same epithelial cells, and the distinctive reactions for renin mRNA have been demonstrated to be in basolateral regions rather than apical regions, suggesting the accumulation of well-developed rough endoplasmic reticulum.
It has been reported that steroid hormones, especially testosterone, influence renin synthesis in the submandibular gland, the anterior pituitary gland and other extrarenal tissues, although intrarenal renin is not influenced by testosterone (OLIVER and GROSS, 1967; NARUSE et al., 1986; WAGNER et al., 1990) . Testosterone secreted from testicular interstitial cells is known to act on sex accessory glands such as the coagulating glands to directly activate exocrine secretion (CUNHA et al., 1987) . During development, immunoreactivity for renin is not detected in the coagulating glands of animals younger than 5 weeks old. At 6 weeks after birth, a few renincontaining cells expressing a very weak reaction can be demonstrated in some epithelial lines. At 7-8 weeks after birth, almost all cells express a weak renin immunoreaction, whereas some cells contain small granular materials in their basolateral regions (K0N et al., 1995a) . In adults, renin immunoreactivities have been demonstrated throughout almost all epithelial cells in the coagulating glands. Excretory products in some terminal ducts are also found to be positive for renin. Sometimes immunoreactivity to the epithelium of the proximal urethra (possibly an opening site of the coagulating gland duct) is observed. These observations provide morphological evidence that renin-containing cells in mice are physiologically developed after birth, especially during adolescent periods in the coagulating gland. As for the development of renin a few weeks after birth, the physiological dynamics of testicular renin have only been noted in rats (PARMENTIER et al., 1983) .
Morphological changes of sex accessory glands after castration have been reported by many investigators (MACKENZIE et al., 1963; SUGIMURA et al., 1986; HOLTERHUS et al., 1993) . At 3-4 weeks after castration, both coagulating gland and seminal vesicle are small and atrophic, which luminal spaces in terminal portions are narrowed. Immunohistochemically, renin-containing cells are not demonstrated in terminal ducts, whereas weak renin immunoreactivity is still observed in the main duct (K0N et al., 1995a) . From these results, three possibilities could be suggested: 1) testosterone's effect on the expression of renin is heterogeneous in the coagulating gland; 2) there are two types of renin-expressing cells (testosterone-dependent and -independent renins) in the coagulating gland; and 3) the terminal duct is the real production site of renin, whereas the main duct is the storage or uptake site. At 1 week after testosterone administration to castrated mice, large numbers of renin-positive cells can be detected (K0N et al., 1995a ). It appears that the expression of coagulating gland renin is mainly regulated by the testis, especially by testosterone.
However, it should not be forgotten that other cellular or humoral factors are related to changes in the expression of renin in the coagulating gland. In the testis, it is known that Sertoli cells constituting testicular tubules secrete androgen-binding protein (ATTRAMADAL et al., 1981; PELLINIEMI et al., 1981) , and that spermatocytes contain an angiotensin AT1 receptor (PAXTON et al., 1993) . The maintenance of renin expression in coagulating glands might be multif actorial.
The immunoreactivities display a dot-like shape of varying diameter in the lateral and basal regions of epithelial cells. However, as far as light microscopy for renin can also be detected in the apical portion of epithelial cells and in some luminal products as well as in the basolateral granules. With immunoelectron microscopical observations, two types of exocrine secretory pathway for renin have been proposed (K0N et al., 1995b) (Figs. 6,  7) . The first type is a general exocrine pathway, in which the renin protein as well as other materials is targeted into apical exocrine granules.
Briefly, it is supposed that Golgi vacuoles are produced from Golgi lamellae, and that they fuse together and are transported to and released from the apical surfaces via the cell membrane of epithelial cells. The other type is a lysosome-dependent pathway, in which renin is targeted to lysosomal granules. Generally, lysosomal granules, also produced by the Golgi complex, fuse with smaller excreting granules, and materials are exocytosed from the apical cell membrane like those in other lysosomecontaining cells (LEJEUNE and VERCAMMEN-GRANDJEAN, 1979) . Renin-positive small vacuoles (possibly derived from the Golgi apparatus) do not appear to fuse with the apical cell membrane, although they are frequently observed closely associated with it.
Finally, renin proteins overproduced by coagulating gland epithelial cells are thought to be stored in electron dense granules, which include crystalline structures located in the basolateral region (K0N et al., 1992a) . In the luminal spaces or the pockets of the apical regions of the epithelial cells, cosiderable amorphous materials showing high electron density are observed to express renin immunoreactivity.
In any case, because of secretion first being toward the seminiferous lumen, the secretory style of coagulating gland renin is classified as an exocrine function, while that in the kidney is an endocrine or paracrine function secreted toward the intercellular spaces, blood or lymphatic circulation. The granular convoluted tubule cells of the mouse submandibular glands also produce many other physiological autacoids, including epidermal growth factor, nerve growth factor, kallikrein, proteinase A and tonin (GRESIK et al.,1980; LEDOUx et al., 1982; RALL et al., 1985; WILSON et al., 1986; PENSCHOW and COGHLAN, 1993) . In particular, because it has been reported that renal/pancreatic kallikrein of the submandibular gland is secreted from both the basolateral and apical surfaces (PENSCHOW and COGHLAN, 1993) , the possibility of bipolar secretory pathways for coagulating gland renin cannot be ignored.
The expression of the renin in the coagulating gland is coded by Ren-1 gene (FABIAN et al., 1989) . It is known that the renin found in the Leydig cells of the rat testis and the angiotensin I-converting enzyme, part of the RAS released from the male reproductive tract, are dependent on and regulated by pituitary hormones (PARMENTIER et al., 1983) . In the mouse uterus, renin concentrations vary with the ovarian cycle, peaking during oestrus and reaching lowest levels during the postoestrus phase, but very low levels throughout the cycle (HACKENTHAL et al., 1980). In the oviduct of the rabbit, oestradiol administration resulted in a marked increase in renin release (ESKILDSEN, 1972) . Coagulating gland renin, which in a marked increase in renin release (ESKILDSEN, 1972) . Coagulating gland renin, which is exocytosed into the male seminiferous lumen by exocrine mechanism, is thought to carry out certain functions for the male urogenital organ containing seminiferous fluid or the female genital organ. The author, paying particular attention to some functions for female reproductions, investigated by mating experiments whether or not coagulating gland renin transfers into females. In previous data, variability of coagulating gland renin expression has been reported C57BL/6 and Balb/c mice, showing high accumulations in C57BL/6 and low expressions in Balb/c mice. In the mating between male and female C57BL/6, renin was detected in the epithelial cell lines of the uterus at the 1st day after mating; however, no renin-immunoreactivity was demonstrated in the case of a male Balb/ c and female C57BL/6. No signals were detected by in situ hybridization using serial sections of immunostaining on the 1st day after mating between male and female C57BL/6 mice, and between male Balb/c and female C57BL/6 mice. If products other than renin activated the expression of the uterus renin, the epithelium of the uterus should also be immunostained with renin antiserum by mating between male Balb/c and female C57BL/6. These results suggest that coagulating gland renin is transferred into female uterus by mating. Now, what function(s) is coagulating gland renin playing ? Because renin is a proteolytic enzyme, which has physiologically high specificity for substrate-binding, it is supposed that renin transferred into the uterus performs some functions for the expression of angiotensinogen. The author's personal study showed that the signal for angiotensinogen mRNA was detected in the epithelial cells of the uterus after mating by in situ hybridization. These data suggest that renin upregulates directly the expression of the angiotensinogen gene in the uterus. The practical hormone in RAS is angiotensin II, which is synthesized by the cleavage of angiotensinogen. The function of angiotensin II is the production of prostaglandin in several organs as well as the control of blood pressure and water-mineral balance (NEEDLEMAN et al., 1975; DAVIS and FREEMAN, 1976) . Arachidonic acid, one precursor of prostaglandins, produces a consistent increase in renin release in the kidney in several animals (LARSSON et al., 1974; WEBER et al., 1975; BoLGER et al., 1976) . Moreover, prostaglandin has been shown to stimulate steroidogenesis in the adrenal gland (SARUTA and KAPLAN, 1972) , and renin release in association with fl-adrenergic receptors (SUZUKI and HASHIBA, 1986) . Additionally, an acute reduction in renal perfusion pressure increases the release of renal prostaglandins (MCGIFF et al., 1970; JACKSON et al., 1982) , which directly stimulate renin release from juxtaglomerular cells. The function of prostaglandin found in seminal fluid is in the contraction of smooth muscles in the uterus and vagina and in the decrease of blood pressure in the body, while angiotensin II functions in the contraction of smooth muscle and the increase of blood pressure. It is assumed than angiotensin II produced outside the kidney performs a function in regulating local homeostasis.
In the opinion of the present review, it is possible that coagulating gland renin also plays a role on production of the angiotensin series, and functions in association with prostaglandin.
These findings suggest that the renin-angiotensinprostaglandin system is dependent on male sexual maturation and affects certain aspects of female reproduction as well, working in local-feedback and local-enhancing mechanisms. Further studies are required to clarify the function of coagulating gland renin.
CONCLUSION
Localization patterns of extrarenal renin expression are divided into four types according to the functions proposed: 1) neuronal, paraneuronal and/or endocrine organs, 2) cardiovascular tissues, 3) reproductive organs, and 3) exocrine glands. The first is represented by the brain, especially the pituitary gland. Secondly, very low-levels of renin-like activities have been detected in mouse and rat hearts and arterial walls. It has been proposed that renin causes myocardial and smooth muscle cell hypertrophy or hyperplasia via angiotensin II formation. Third, all components of the renin-angiotensin system detected in the testis and ovary may perform some functions for the maturation of progenital stem cells. Finally, coagulating gland renin, the most recently discovered local renin, is a significant subject for investigation with histological and molecular biological techniques. These types of renin are not only detected in the lysosomal granules, in which they are concentrated in a crystalline structure, but also recognized in the production series of exocrine granules. Coagulating gland renin is synthesized dependent on testosterone, and released by exocrine secretion. Coagulating gland renin may have an important role in reproduction, especially in the realization of pregnancy in concert with other factors of seminal fluid. Colocalization of angiotensinogen and glial fibrillary acidic protein in astrocytes in rat brain. Brain Res. 374: 195-198 (1986a Human ovarian theca cells are a source of renin. Proc. Nat. Acad. Sci. USA 85: 1957 -1961 Sci. 49: 323-331 (1987) . morphology of the renin-containing cells in the amphibian kidneys. Jap. J. Vet. Sci. 50: 325-332 (1988) . chemical study on the embryonic development of renincontaining cells in the mouse and pig. Anat. Histol. Embryol. 18: 14-26 (1989) .
